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Association between the Levofloxacin Plasma Concentration and Neurological Adverse Events in an Elderly Patient
Dear Editor, Levofloxacin is a fluoroquinolone antibiotic used to treat bacterial infections such as community-acquired pneumonia and complicated urinary-tract infections. The labels of drugs across the fluoroquinolone class mention side effects related to the central nervous system (CNS). The US Food and Drug Administration and the European Medicines Agency recently issued a warned regarding the CNS side effects related to fluoroquinolones. 1, 2 Here we report rare adverse effects of the fluoroquinolone drug levofloxacin along with the plasma drug concentration at the time of each occurrence, and assess the causality between levofloxacin administration and such events.
A 78-year-old man with diabetes mellitus, hypertension, and a past history of old left basal ganglia hemorrhage and cerebellar lacunar infarct (10 years previously) visited our hospital with a seizure. He had no prior psychiatric history or seizure episodes. For 2 days prior to his visit he had received daily intravenous infusions of 500 mg of levofloxacin for pneumonia at another hospital. On the second day after his admission at that hospital he presented with a confused mental state, difficulty of sleep initiation, and visual hallucinations in which he reported seeing people who were not there. His other medications at the time did not include sedative agents such as hypnotics, but included the following oral medications daily: clopidogrel (75 mg), choline alfoscerate (400 mg), rebamipide (100 mg), nizatidine (150 mg), and erdosteine (300 mg). On the third day of hospitalization the patient experienced two generalized tonic-clonic seizures (at around 4 a.m. and 8 a.m.), and so he was transferred to our hospital.
Levofloxacin had not been administered on the transfer day, on which his neurological signs normalized and he slept well. Upon admission to our hospital the patient exhibited an alert mental status without fever or focal neurological deficits except for the sequelae of the previous stroke. We ruled out other conditions such as dyselectrolytemia, hypoglycemia, and diabetic ketoacidosis via laboratory testing. Brain computed tomography and magnetic resonance imaging also produced no new abnormal findings. However, electroencephalography showed focal left-side slowing without epileptiform discharges. Our patient was diagnosed with remote poststroke seizure and was treated with oral lamotrigine for the seizures and intravenous levofloxacin for pneumonia.
On the fourth day of hospitalization, 500 mg of intravenous levofloxacin was restarted in our hospital at approximately 9 a.m. (producing a levofloxacin plasma concentration of 0.18 μg/mL), and by 11 p.m. the patient gradually showed irritability and a confused mental state again, at which time the levofloxacin concentration had reached 2.36 μg/mL. On the fifth day of hospitalization, 250 mg of levofloxacin (half the previous dose) was administered. The plasma concentration of levofloxacin at 2 hours after that injection was 4.87 μg/mL, and the patient continued to show irritability and confusion despite the absence of fever and decreased inflammatory markers. He also reported that all of the nurses were trying to hurt him. After 
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the sixth day of hospitalization, levofloxacin was not administered and the previous CNS adverse events dissipated (Fig. 1) . We then used a combination of azithromycin plus ceftriaxone instead of levofloxacin to treat his pneumonia.
Levofloxacin-induced CNS adverse events have been reported previously, but there has not been sufficient evidence of a causal link. 3 These adverse reactions were probably due to the known effect of fluoroquinolones inhibiting gamma-aminobutyric acid (GABA). 4 Possible risk factors for CNS side effects in patients taking quinolones include a history of seizures or epilepsy, electrolyte imbalance, a history of renal or hepatic failure, increased age, and excessive doses. 5 The serum levofloxacin concentrations in our patient were determined using a rapid and selective liquid chromatography-tandem mass spectrometry method. A positive correlation between the levofloxacin concentration and CNS toxicity was suggested. The neurological symptoms including seizure occurred in our patient after two injections of the drug under suspicion. These events could not be explained by other concomitantly administered drugs. The discontinuation of levofloxacin resulted in abatement of the CNS symptoms, and the adverse events were readily explainable by known pharmacological mechanisms of levofloxacin. We therefore reported these events to the regional pharmacovigilance center (Chonnam National University Hospital), and the committee interpreted the causality as being 'certain. ' This report was also giv-en to the Korea Institute of Drug Safety & Risk Management.
The CNS symptoms unintentionally reappeared following a second course of levofloxacin. This case study has demonstrated 'certain' causality between levofloxacin and the observed CNS adverse effects as defined by the categorization of the World Health Organization Uppsala Monitoring Centre. 6 Since the patient was an elderly man with a history of stroke, these risk factors may have predisposed him to the development of CNS adverse effects induced by levofloxacin. This case indicates that clinicians should administer levofloxacin with caution due to the possibility of it inducing CNS adverse events. 
